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1.0 INTRODUCTION

At the time of this report, the most current orthophoto (aerial photograph) was from the National
Agriculture Imagery Program (NAIP) collected in summer 2015. Based on heads-up digitizing
of the water level from that Photograph, the lake was determined to be 376 acres. Upper
Gresham Lake, Vilas County, is a deep headwater drainage lake with a maximum depth of 29
feet and a mean depth of 12 feet. This mesotrophic lake has a relatively small watershed when
compared to the size of the lake. Upper Gresham Lake contains 56 native plant species, of
which fern-leaf pondweed (Potamogeton robbinsii) is the most common plant. One exotic plant
species, Eurasian watermilfoil, is currently known to exist in Upper Gresham Lake.

Field Survey Notes

Upper Gresham Lake has slightly
stained  water and  beautiful
stretches of natural shoreline.
Aquatic plant surveys indicate the
lake has a diverse aquatic plant
population. QOur crews enjoy the
eagles that nest in dead-duck bay,
except when they are chasing the
baby loons.

Phoograph .0-1 Upper Gresham Lake, Vilas County

Lake at a Glance - Upper Gresham Lake

Morphology
Acreage 376
Maximum Depth (ft) 29
Mean Depth (ft) 12
Shoreline Complexity 4.8
Vegetation
Number of Native Species 56

Threatened/Special Concern Species
Exotic Plant Species

Simpson's Diversity

Average Conservatism

Vasey’s pondweed
Eurasian watermilfoil
0.93
7.0

Water Quality

Trophic State

Limiting Nutrient

Water Acidity (pH)

Sensitivity to Acid Rain
Watershed to Lake Area Ratio

Mesotrophic
Transitional
8.16
Low Sensitivity
3:1

Introduction
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The Gresham Chain of Lakes, Vilas County, comprises three lakes (Upper, Middle, and Lower
Gresham Lakes) with a surface area of nearly 570 acres. Water from this headwater drainage
system ultimately leads to the Manitowish Waters Chain of Lakes.

The Gresham Lakes Association (GLA) and Town of Boulder Junction finalized Comprehensive
Management Plan for all three lakes in May 2009. The GLA implemented the EWM control and
monitoring components of this plan through a multi-year project from 2008-2013. The project
largely consisted of herbicide spot treatments targeting EWM on Upper Gresham Lake, but also
included periodic monitoring of Middle Gresham Lake which is known to contain a small
population of EWM. From 2013-2017, non-herbicide management of EWM on Upper Gresham
took place.

The term Best Management Practice (BMP) is often used in environmental management fields to
represent the management option that is currently supported by that latest science and policy.
When used in an action plan, the term can be thought of as a placeholder with anticipation of
having an evolving definition over time. As outlined in the 2009 Plan, the BMP for managing
EWM was through granular 2,4-D (ester) spot treatments. At the time of this writing, that
strategy is no longer a BMP. Emerging science demonstrated that liquid treatments provided
more consistent results at a fraction of the cost of granular products, larger application areas
appeared to retain herbicide concentrations and exposure times better, and attention needed to be
paid to the addition of individual spot treatments that may cumulatively function as a whole-lake
treatment. Additional toxicological studies have also been published since 2008 which are
import considerations within the risk assessments.

When the GLA approached the Wisconsin Department of Natural Resources (WDNR) about
resuming herbicide management of EWM in 2017, the WDNR recommended that an updated
lake management planning project take place. This would allow the GLA to update its EWM
management program to reflect that latest BMPs and risk assessment.

The GLA successfully received a WDNR Lake Planning Grant to construct an updated lake
management plan. This report serves as the final deliverable for this grant-funded project (LPL-
1629-17).

Onterra.LLC Introduction
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2.0 STAKEHOLDER PARTICIPATION

Stakeholder participation is an important part of any management planning exercise. During this
project, stakeholders were not only informed about the project and its results, but also introduced
to important concepts in lake ecology. The objective of this component in the planning process
is to accommodate communication between the planners and the stakeholders. The
communication is educational in nature, both in terms of the planners educating the stakeholders
and vice-versa. The planners educate the stakeholders about the planning process, the functions
of their lake ecosystem, their impact on the lake, and what can realistically be expected regarding
the management of the aquatic system. The stakeholders educate the planners by describing how
they would like the lake to be, how they use the lake, and how they would like to be involved in
managing it. All of this information is communicated through multiple meetings that involve the
lake group as a whole or a focus group called a Planning Committee, and the completion of a
stakeholder survey.

The highlights of this component are described below. Materials used during the planning
process can be found in Appendix A.

EWM Management & Plan Revision Scoping Meeting

On December 15, 2015 a conference call took place with representatives from the GLA, WDNR,
Vilas County, and folks involved with a cooperative research project between the University of
Wisconsin Stevens Point (UWSP) and WDNR titled: Effects of 2, 4-D Herbicide Treatments
Used to Control Eurasian Watermilfoil on Fish and Zooplankton in Northern Wisconsin Lakes.
After learning that Upper Gresham Lake was selected to be a control lake (i.e. receive no
herbicide treatment) within that study, the GLA had concerns about being forced to not manage
EWM. Information about the research project was shared during the teleconference and the
GLA agreed to suspend herbicide management during this period. The GLA would be allowed
to conduct hand-harvesting during this period. In order to be aligned for possible herbicides
management of EWM following this three-year research project, the WDNR suggested that the
GLA create an updated lake management plan.

Planning Committee Meeting

On December 18, 2017, Eddie Heath and Tim Hoyman of Onterra met with eight members of the
GLA Planning Committee for three hours. The meeting focused on aquatic plant management,
including a review of the GLA’s historic control actions, discussion of current best management
practices, emerging risk assessment of 2,4-D impacts on fish, and research on EWM trends in
managed and unmanaged systems. The meeting also discussed the stakeholder survey results
and began developing management goals and actions for the Upper Gresham Lake management
plan. One result of this meeting was the development of an interim EWM management strategy
to be initiated in 2018. The presentation materials from this meeting are included in Appendix
A.

Stakeholder Participation Onterra LLC
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2018 EWM Management

In parallel to the lake management planning project, the GLA pursued herbicide management of
EWM during the spring of 2018. Details relating to planning, implementation, and results of
these efforts are included within this document. The GLA postponed the completion of the
management planning project until after the results of these efforts were available, as they would
be important to guide the EWM management strategy designed within the Plan.

Planning Committee Meeting 11

On September 27, 2018, Eddie Heath of Onterra met with eight members of the GLA Planning
Committee for three hours. The meeting focused on the results of the water quality,
paleoecology, watershed, shoreland condition, and fisheries assessments. In addition, the results
of the 2018 herbicide treatment program were discussed. The committee discussed management
goals and management actions for the GLA to include within the updated Plan. The presentation
materials from this meeting are included in Appendix A.

Management Plan Review and Adoption Process

On December 1, 2018, a draft outline of the Implementation Plan was provided to the Planning
Committee for review. Comments were received from the Planning Committee approximately a
month later and incorporated into a full-text version of the Implementation Plan Section. This
section was provided to the Planning Committee in early April for further discussion. Following
a month of review from the committee, the Implementation Plan Section (5.0) was married with
the report sections (3.0) to create a mostly complete draft version of the Comprehensive
Management Plan. This document was provided to the GLA’s Planning Committee for final
review before opening up comments to the document from a wider audience.

On July 12, 2019, an early draft of the Comprehensive Management Plan was provided to the
WDNR with a subsequent teleconference (September 12, 2019) occurring with members of the
GLA Planning Committee, Onterra (Eddie Heath), and WDNR (Carol Warden). This meeting
focused on the Implementation Plan Section, allowing a multi-directional exchange of
information and perspectives.

On September 18, 2019, an official first draft of the GLA’s Comprehensive Management Plan
for Upper Gresham Lake was supplied to the WDNR, Great Lakes Indian Fish and Wildlife
Commission (GLIFWC), and Vilas County. Written review of the draft plan was received on
September 19, 2019 from WDNR team leader Carol Warden (UW Trout Lake AIS Specialist).
The WDNR comments and how they are addressed in the final plan are contained in Appendix
G. An official second draft was created and shared with the WDNR on Dec 13, 2019. The
WDNR indicated that all comments were adequately addressed and the plan was approved.

Riparian Stakeholder Survey

As a part of this project, a riparian stakeholder survey was distributed to riparian property owners
around Upper, Middle, and Lower Gresham Lake. The survey was designed by Onterra staff and
the GLA Planning Committee, and reviewed/approved by a WDNR social scientist.

During October 2017, the nine-page, 38-question survey was posted online through Survey
Monkey for property owners to answer electronically. If requested, a hard copy was sent to the

Onterra LLc Stakeholder Participation
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property owner with a self-addressed stamped envelope for returning the survey anonymously.
The returned hardcopy surveys were entered into the online version by a GLA volunteer for
analysis. Of the 78 surveys sent to riparian property owners around Upper Gresham Lake, sixty-
two percent of surveys were returned. With a response rate of 60% or higher, the responses to
the following questions can be interpreted as being statistically representative of the population
sampled. Therefore, when the following section discusses percent of stakeholders, it is reflective
of the population that was provided surveys. It is not reflective of the percent of parcels,
acreage, shoreline length, etc.

The data were analyzed and summarized by Onterra for use at the planning meetings and within
the management plan. The full survey and results can be found in Appendix B, while discussion
of those results is integrated within the appropriate sections of the management plan and a
general summary is discussed below. Please note that Appendix B contains both the pooled
results from all three lakes as well as the stand-alone results for Upper Gresham Lake. The
majority of the subsequent discussion of the Riparian Stakeholder Survey will focus on Upper
Gresham Lake.

Based upon the results of the Stakeholder Survey, much was learned about the people that own
property on the Gresham Lakes. Specific to Upper Gresham Lake, the majority of stakeholder
respondents (36%) visit on weekends throughout the year, 29% live on the lake during the
summer months only, 27% are year-round residents, and 2% are resort properties (Question 3).
75% of stakeholder respondents have owned their property for over 15 years, and 50% have
owned their property for over 25 years (Question 5).

The following sections (Water Quality, Watershed, Aquatic Plants and Fisheries Data
Integration) discuss the stakeholder survey data with respect these particular topics. Figures 2.0-
1 and 2.0-2 highlight several other questions found within this survey. More than half (32 out of
48) of survey respondents indicate that they use either a canoe/kayak or a small motor boat on
Upper Gresham Lake (Figure 2.0-1, Question 14). Pontoons, large motor boats, and paddleboats
were also popular options. Stakeholder respondents indicated fishing, relaxing/entertaining, and
nature viewing as the top reasons why they own property on the Gresham Lakes (Figure 2.0-1,
Question 17).

When asked about the top three concerns regarding their lake, stakeholder respondents indicated
aquatic invasive species, water quality degradation, and excessive aquatic plant growth were the
largest concerns (Figure 2.0-1, Question 24). Interestingly, excessive aquatic plant growth was
considered a greater concern by stakeholder respondents on Lower Gresham Lake than aquatic
invasive species.

A concern of stakeholders noted throughout the stakeholder survey (see Questions 23-24 and
survey comments — Appendix B) was Eurasian watermilfoil within Upper Gresham Lake and the
campground on the lake. Eurasian watermilfoil is touched upon in the Aquatic Plants Section
(3.5), Summary and Conclusions Section (4.0), as well as within the Implementation Plan (5.0).
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Question 14: What types of watercraft do you currently use on your lake?

m Upper Gresham (48 respondents) # of Respondents

0 5 10 15 20 25 30 35
B Middle Gresham (5 respondents) | ! ! ! !

B Lower Gresham (12 respondents)| ~Paddleboat F

Sailboat :
Canoe / kayak F

Rowboat =

Jet ski (personal water craft) F

Motor boat with 25 hp or less motor —

Motor boat with greater than 25 hp motor —
Pontoon F

Do not use watercraft on any waters L

uestion 17: Please rank up to three activities that are important reasons for owning your
D p gy
property on your lake. (data pooled from 1*, 2", & 3" ranked activities).

# of Respondents
0 5 10 15 20 25 30 35 40

Fishing - open water

Ice fishing

Motor boating

Jet skiing
Relaxing / entertaining

Nature viewing

Hunting

Water skiing / tubing

Sailing

Canoeing / kayaking

Swimming
Snowmobiling / ATV

None of these activities
Other O Lower Gresham (12 respondents) ||

B Upper Gresham (48 respondents) |7

B Middle Gresham (5 respondents)

Figure 2.0-1. Select survey responses from the Upper Gresham Lake Stakeholder Survey.
Additional questions and response charts may be found in Appendix B.
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Question 24: Please rank your top three concerns regarding your lake. (data pooled from 1%,

Water quality degradation
Loss of aquatic habitat
Shoreline erosion
Shoreline development
Aquatic invasive species
Excessive watercraft traffic
Unsafe watercraft practices
Excessive fishing pressure
Excessive aquatic plant growth
Algae blooms

Septic system discharge
Noise/light pollution

Other (please specify)

2" & 3 ranked concerns).

o
[¢)]

# of Respondents

25 30 35 40

45

PTW

m Upper Gresham (48 respondents)

m Middle Gresham (5 respondents)

M

@ Lower Gresham (12 respondents)

Figure 2.0-1 continued. Select survey responses from the Upper Gresham Lake Stakeholder
Survey, continued. Additional questions and response charts may be found in Appendix B.
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3.0 RESULTS & DISCUSSION
3.1 Lake Water Quality
Water Quality Data Analysis and Interpretation

Reporting of water quality assessment results can often be a difficult and ambiguous task.
Foremost is that the assessment inherently calls for a baseline knowledge of lake chemistry and
ecology. Many of the parameters assessed are part of a complicated cycle and each element may
occur in many different forms within a lake. Furthermore, water quality values that may be
considered poor for one lake may be considered good for another because judging water quality
is often subjective. However, focusing on specific aspects or parameters that are important to
lake ecology, comparing those values to similar lakes within the same region and historical data
from the study lake provides an excellent method to evaluate the quality of a lake’s water.

Many types of analyses are available for assessing the condition of a particular lake’s water
quality. In this document, the water quality analysis focuses upon attributes that are directly
related to the productivity of the lake. In other words, the water quality that impacts and controls
the fishery, plant production, and even the aesthetics of the lake are related here. Specific forms
of water quality analysis are used to indicate not only the health of the lake, but also to provide a
general understanding of the lake’s ecology and assist in management decisions. Each type of
available analysis is elaborated on below.

As mentioned above, chemistry is a large part of water quality analysis. In most cases, listing the
values of specific parameters really does not lead to an understanding of a lake’s water quality,
especially in the minds of non-professionals. A better way of relating the information is to
compare it to lakes with similar physical characteristics and lakes within the same regional area.
In this document, a portion of the water quality information collected on Upper Gresham Lake is
compared to other lakes in the state with similar characteristics as well as to lakes within the
northern region. In addition, the assessment can also be clarified by limiting the primary
analysis to parameters that are important in the lake’s ecology and trophic state (see below).
Three water quality parameters are focused upon in the Upper Gresham Lake’s water quality
analysis:

Phosphorus is the nutrient that controls the growth of plants in the vast majority of
Wisconsin lakes. It is important to remember that in lakes, the term “plants” includes
both algae and macrophytes. Monitoring and evaluating concentrations of phosphorus
within the lake helps to create a better understanding of the current and potential growth
rates of the plants within the lake.

Chlorophyll-a is the green pigment in plants used during photosynthesis. Chlorophyll-a
concentrations are directly related to the abundance of free-floating algae in the lake.
Chlorophyll-a values increase during algal blooms.

Secchi disk transparency is a measurement of water clarity. Of all limnological
parameters, it is the most used and the easiest for non-professionals to understand.
Furthermore, measuring Secchi disk transparency over long periods of time is one of the
best methods of monitoring the health of a lake. The measurement is conducted by
lowering a weighted, 20-cm diameter disk with alternating black and white quadrates (a
Secchi disk) into the water and recording the depth just before it disappears from sight.
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The parameters described above are interrelated. Phosphorus controls algal abundance, which is
measured by chlorophyll-a levels. Water clarity, as measured by Secchi disk transparency, is
directly affected by the particulates that are suspended in the water. In the majority of natural
Wisconsin lakes, the primary particulate matter is algae; therefore, algal abundance directly
affects water clarity. In addition, studies have shown that water clarity is used by most lake
users to judge water quality — clear water equals clean water (Canter et al. 1994, Dinius 2007,
and Smith et al. 1991).

Trophic State

Total phosphorus, chlorophyll-a, and water clarity values are Trophic states describe the
directly related to the trophic state of the lake. As nutrients, |Jake’s ability to produce plant
primarily phosphorus, accumulate within a lake, its |matter (production) and include
productivity increases and the lake progresses through three |three continuous classifications:
trophic states: oligotrophic, mesotrophic, and finally eutrophic. |Oligotrophic lakes are the least
Every lake will naturally progress through these states and |productive lakes and are
under natural conditions (i.e. not influenced by the activities of |Characterized by being deep,
humans) this progress can take tens of thousands of years. |having cold water, and few
Unfortunately, human influence has accelerated this natural P, B el e 6 i
. . . . . most productive and normally
aging process in many Wisconsin lakes. Monitoring the h hall deoth
. : - ave shallow depths, warm
trophic state of a lgke gives sFakeholders a method by wh}ch t0 | high plant biomass.
gauge the productivity of their lake over time. Yet, classifying Mesotrophic lakes fall between
a lake into one of three trophic states often does not give clear | these two categories.
indication of where a lake really exists in its trophic
progression because each trophic state represents a range of productivity. Therefore, two lakes
classified in the same trophic state can actually have very different levels of production.

However, through the use of a trophic state index (TSI), an index number can be calculated using
phosphorus, chlorophyll-a, and clarity values that represent the lake’s position within the
eutrophication process. This allows for a more clear understanding of the lake’s trophic state
while facilitating clearer long-term tracking. Carlson (1977) presented a trophic state index that
gained great acceptance among lake managers.

Limiting Nutrient

The limiting nutrient is the nutrient which is in shortest supply and controls the growth rate of
algae and some macrophytes within the lake. This is analogous to baking a cake that requires
four eggs, and four cups each of water, flour, and sugar. If the baker would like to make four
cakes, he needs 16 of each ingredient. If he is short two eggs, he will only be able to make three
cakes even if he has sufficient amounts of the other ingredients. In this scenario, the eggs are the
limiting nutrient (ingredient).

In most Wisconsin lakes, phosphorus is the limiting nutrient controlling the production of plant
biomass. As a result, phosphorus is often the target for management actions aimed at controlling
plants, especially algae. The limiting nutrient is determined by calculating the nitrogen to
phosphorus ratio within the lake. Normally, total nitrogen and total phosphorus values from the
surface samples taken during the summer months are used to determine the ratio. Results of this
ratio indicate if algal growth within a lake is limited by nitrogen or phosphorus. If the ratio is
greater than 15:1, the lake is considered phosphorus limited; if it is less than 10:1, it is
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considered nitrogen limited. Values between these ratios indicate a transitional limitation

between nitrogen and phosphorus.

Temperature and Dissolved Oxygen Profiles

Temperature and dissolved oxygen profiles are created
simply by taking readings at different water depths within
a lake. Although it is a simple procedure, the completion
of several profiles over the course of a year or more
provides a great deal of information about the lake. Much
of this information relates to whether the lake thermally
stratifies or not, which is determined primarily through the
temperature profiles. Lakes that show strong stratification
during the summer and winter months need to be managed

Lake stratification occurs when
temperature gradients are developed
with depth in a lake. During
stratification the lake can be broken
into three layers: The epilimnion is
the top layer of water which is the
warmest water in the summer
months and the coolest water in the
winter months. The hypolimnion is
the bottom layer and contains the
coolest water in the summer months

and the warmest water in the winter
months. The metalimnion, often
called the thermocline, is the middle
layer containing the steepest
temperature gradient.

differently than lakes that do not. Normally, deep lakes
stratify to some extent, while shallow lakes (less than 17
feet deep) do not.

Dissolved oxygen is essential in the metabolism of nearly
every organism that exists within a lake. For instance, fish
kills are often the result of insufficient amounts of dissolved oxygen. However, dissolved
oxygen’s role in lake management extends beyond this basic need by living organisms. In fact,
its presence or absence impacts many chemical process that occur within a lake. Internal nutrient
loading is an excellent example that is described below.

Internal Nutrient Loading

In lakes that support stratification, whether throughout the summer or periodically between
mixing events, the hypolimnion can become devoid of oxygen both in the water column and
within the sediment. When this occurs, iron changes from a form that normally binds
phosphorus within the sediment to a form that releases it to the overlaying water. This can result
in very high concentrations of phosphorus in the hypolimnion. Then, during turnover events,
these high concentrations of phosphorus are mixed within the lake and utilized by algae and
some macrophytes. In lakes that mix periodically during the summer (polymictic lakes), this
cycle can pump phosphorus from the sediments into the water column throughout the growing
season. In lakes that only mix during the spring and fall (dimictic lakes), this burst of
phosphorus can support late-season algae blooms and even last through the winter to support
early algal blooms the following spring. Further, anoxic conditions under the winter ice in both
polymictic and dimictic lakes can add smaller loads of phosphorus to the water column during
spring turnover that may support algae blooms long into the summer. This cycle continues year
after year and is termed “internal phosphorus loading”; a phenomenon that can support nuisance
algal blooms decades after external sources are controlled.

The first step in the analysis is determining if the lake is a candidate for significant internal
phosphorus loading. Water quality data and watershed modeling are used to determine actual and
predicted levels of phosphorus for the lake. When the predicted phosphorus level is well below
the actual level, it may be an indication that the modeling is not accounting for all of phosphorus
sources entering the lake. Internal nutrient loading may be one of the additional contributors that

Onterra LLC Results & Discussion — Water Quality

Lake Management Flanning




Upper Gresham Lake
Comprehensive Management Plan 15

may need to be assessed with further water quality analysis and possibly additional, more intense
studies.
Non-Candidate Lakes

e Lakes that do not experience hypolimnetic anoxia.
e Lakes that do not stratify for significant periods (i.e. days or weeks at a time).
e Lakes with hypolimnetic total phosphorus values less than 200 pg/L.

Candidate Lakes

e Lakes with hypolimnetic total phosphorus concentrations exceeding 200 pg/L.
e Lakes with epilimnetic phosphorus concentrations that cannot be accounted for in
watershed phosphorus load modeling.

Specific to the final bullet-point, during the watershed modeling assessment, the results of the
modeled phosphorus loads are used to estimate in-lake phosphorus concentrations. If these
estimates are much lower than those actually found in the lake, another source of phosphorus
must be responsible for elevating the in-lake concentrations. Normally, two possibilities exist: 1)
shoreland septic systems, and 2) internal phosphorus cycling. If the lake is considered a
candidate for internal loading, modeling procedures are used to estimate that load.

Comparisons with Other Datasets

The WDNR document Wisconsin 2018 Consolidated Assessment and Listing Methodology
(WDNR 2017) is an excellent source of data for comparing water quality from a given lake to
lakes with similar features and lakes within specific regions of Wisconsin. Water quality among
lakes, even among lakes that are located in close proximity to one another, can vary due to
natural factors such as depth, surface area, the size of its watershed and the composition of the
watershed’s land cover. For this reason, the water quality of Upper Gresham Lake will be
compared to lakes in the state with similar physical characteristics. The WDNR groups
Wisconsin’s lakes into ten natural communities (Figure 3.1-1).

First, the lakes are classified into three main groups: (1) lakes and reservoirs less than 10 acres,
(2) lakes and reservoirs greater than or equal to 10 acres, and (3) a classification that addresses
special waterbody circumstances. The last two categories have several sub-categories that
provide attention to lakes that may be shallow, deep, play host to cold water fish species or have
unique hydrologic patterns. Overall, the divisions categorize lakes based upon their size,
stratification characteristics, hydrology. An equation developed by Lathrop and Lillie (1980),
which incorporates the maximum depth of the lake and the lake’s surface area, is used to predict
whether the lake is considered a shallow (mixed) lake or a deep (stratified) lake. The lakes are
further divided into classifications based on their hydrology and watershed size:

Seepage Lakes have no surface water inflow or outflow in the form of rivers and/or
streams.

Drainage Lakes have surface water inflow and/or outflow in the form of rivers and/or
streams.

Headwater drainage lakes have a watershed of less than 4 square miles.
Lowland drainage lakes have a watershed of greater than 4 square miles.
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Because of its depth, small watershed and hydrology, Upper Gresham Lake is classified as a

deep headwater lake (category 3 on Figure 3.1-1).

Wisconsin Lakes Natural Community Types

Lakes/Reservoirs
= 10 acres (large)

Lakes/Reservoirs

Other Classifications

< 10 acres (small)

] [

Variable Stratification
Variable Hydrology

[ )

] [ (any size) ]

Two-Story @
Fishery

Drainage

Seepage

Impounded

[Shallow] [ Deep ] [Shallow] [ Deep
(mixed) (stratified) (mixed)

] [Shallow] [
(stratified) (mixed)

Deep
(stratified)

) O

Figure 3.1-1. Wisconsin Lake Natural Communities. Adapted from WDNR 2013A.

Garrison, et. al (2008) developed state-wide median
values for total phosphorus, chlorophyll-a, and Secchi
disk transparency for six of the lake classifications.
Though they did not sample sufficient lakes to create
median values for each classification within each of the
state’s ecoregions, they were able to create median
values based on all of the lakes sampled within each
ecoregion (Figure 3.1-2). Ecoregions are areas related
by similar climate, physiography, hydrology,
vegetation and wildlife potential. Comparing
ecosystems in the same ecoregion is sounder than
comparing systems within manmade boundaries such
as counties, towns, or states. Upper Gresham Lake is
within the Northern Lakes and Forests (NLF)
ecoregion.

The Wisconsin 2018 Consolidated Assessment and
Listing Methodology document also helps stakeholders
understand the health of their lake compared to other
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Figure 3.1-2. Location of Upper
Gresham Lake within the ecoregions
of Wisconsin. After Nichols 1999.

lakes within the state. Looking at pre-

settlement diatom population compositions from sediment cores collected from numerous lakes
around the state, they were able to infer a reference condition for each lake’s water quality prior
to human development within their watersheds. Using these reference conditions and current
water quality data, the assessors were able to rank phosphorus, chlorophyll-a, and Secchi disk
transparency values for each lake class into categories ranging from excellent to poor.
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These data along with data corresponding to statewide natural lake means, historic, current, and
average data from Upper Gresham Lake is displayed in Figures 3.1-3 - 3.1-13. Please note that
the data in these graphs represent concentrations and depths taken only during the growing
season (April-October) or summer months (June-August). Furthermore, the phosphorus and
chlorophyll-a data represent only surface samples. Surface samples are used because they
represent the depths at which algae grow and depths at which phosphorus levels are not greatly
influenced by phosphorus being released from bottom sediments.

Upper Gresham Lake Water Quality Analysis
Upper Gresham Lake Long-term Trends

As discussed previously, three water quality parameters are of most interest when assessing a
lake’s water quality: total phosphorus, chlorophyll-a, and Secchi disk transparency. Volunteers
from Upper Gresham Lake participating in the Citizens Lake Monitoring Network (CLMN) have
been collecting Secchi disk transparency intermittently from 1990 to 2000 and all three
parameters annually since 2000; building a continual dataset that will yield valuable information
on Upper Gresham Lake’s water quality through time. Water quality data available through the
WDNR'’s Surface Water Integrated Monitoring System (SWIMS) database is discussed wihtin
and summarized in Appendix C.

Total Phosphorus

Near-surface total phosphorus data from Upper Gresham Lake are available from 1985 and
annually from 2000 to 2017 (Figure 3.1-3). Average summer total phosphorus concentrations
ranged from 14 pg/L in 2014 to 26 pg/L in 2006; however, only one near-surface total
phosphorus sample was collected in 2014 and may not be representative of the 2014 summer
average. The weighted summer average total phosphorus concentration is 18 pug/L and falls into
the excellent category for Wisconsin’s deep headwater drainage lakes and indicates Upper
Gresham Lake’s phosphorus concentrations are relatively similar to the majority of other deep
headwater drainage lakes in the state and slightly better than the majority of lakes within the
NLF ecoregion. While Upper Gresham Lake’s weighted summer average total phosphorus
concentration falls into the excellent category, total phosphorus concentrations have increased
historically, as discussed further in the paleoecology section.

As discussed in the previous section, internal nutrient loading is a process by which phosphorus
(and other nutrients) are released from bottom sediments when bottom waters become devoid of
oxygen (anoxic). Internal nutrient loading is more prevalent in deeper lakes which experience
summer stratification or in shallow lakes that are highly productive where high rates of
decomposition deplete oxygen near the sediment-water interface. To determine if internal
nutrient loading of phosphorus is occurring in a stratified lake, phosphorus concentrations are
measured near the bottom in the deepest part of the lake. In lakes which experience high levels
of internal nutrient loading, the near bottom phosphorus concentrations are usually significantly
higher than those measured near the surface.
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Figure 3.1-3. Upper Gresham Lake, state-wide deep headwater drainage lakes, and Northern
Lakes and Forests (NLF) total phosphorus concentrations. Mean values calculated with summer
month surface sample data. Water Quality Index values adapted from WDNR PUB WT-913.

Figure 3.1-4 displays near-surface and near-bottom total phosphorus concentrations collected
from Upper Gresham Lake in 2017 and the winter of 2018. As illustrated, in April of 2017 the
near-bottom total phosphorus concentration is similar to the concentration measured near the
surface, but near-bottom concentrations are higher than near-surface concentrations in both July
and October 2017. Near-bottom phosphorus concentrations in late-July were almost 3.5 times
the concentration measured near the surface. The higher concentrations of phosphorus measured
near the bottom during these sampling events is an indication that phosphorus is being released
from bottom sediments into the hypolimnion. During this sampling event the lake was found to
be stratified with little or no oxygen measured within the hypolimnion. Overall, while this
process may be contributing some phosphorus to Upper Gresham Lake’s water column, the
impacts of internal loading are not significant. As previously mentioned, the lake’ surface water
total phosphorus values are similar to the median value for comparable lakes in Wisconsin.

During the summer, when phosphorus is being released from the sediments, the phosphorus is
not being utilized by algae because it is trapped in the hypolimnion, well below the depths the
algae populate. In Figure 3.1-5, on average, as phosphorus concentrations increase from the
addition of the hypolimnetic phosphorus during fall turnover, the lake experiences an increase in
algal biomass as indicated by the increase in chlorophyll-a. In the same chart, average spring
phosphorus concentrations are higher than the fall, which is likely due to increased runoff
resulting from snow melt and spring rains. Figure 3.1-5 depicts chlorophyll-a concentrations
increasing in the late summer. In dimictic lakes with relatively good water clarity, as found in
Upper Gresham Lake, an algal layer develops in the metalimnion where the algae are exposed to
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higher nutrients. In the late summer and fall, as the surface waters cool, the epilimnion deepens
and the deep algal layer becomes distributed in the surface waters.
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Figure 3.1-4. Upper Gresham Lake near-surface and near-bottom total phosphorus
concentrations. Data collected during Onterra 2017 and 2018 sampling. All
concentrations are actual values, not averages.
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Figure 3.1-5. Upper Gresham Lake average monthly near-surface total
phosphorus, chlorophyll-a, and Secchi disk transparency using all
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Chlorophyll-a

As discussed earlier, chlorophyll-a, or the measure of free-floating algae within the water
column, is usually positively correlated with total phosphorus concentrations. While phosphorus
limits the amount of algal growth in the majority of Wisconsin’s lakes, other factors also affect
the amount of algae produced within a lake. Water temperature, sunlight, and the presence of
small crustaceans called zooplankton, which feed on algae, also influence algal abundance.

Chlorophyll-a data are available from Upper Gresham Lake from 1984 and annually from 2000
to 2017 (Figure 3.1-6). Average summer chlorophyll-a concentrations ranged from 3 pg/L in
2016 to 10 pg/L in 2006. The weighted summer average chlorophyll-a concentration is 5 pg/L
and falls into the excellent category for Wisconsin’s deep headwater drainage lakes and indicates
Upper Gresham Lake’s chlorophyll-a concentration are relatively similar to the majority of other
deep headwater drainage lakes in the state and slightly lower than the majority of lakes within
the NLF ecoregion.

30
| Growing Season
B Summer Poor

20

o

= Fair

B

z

[+

=]

S

=

© 10|

o M | LB I H L]
& ,19‘:9 (19&) QQ Qt) 0‘9 0‘3 qS;\ & @0‘5 S '\ \‘“ '\‘° <\. é\@b';s. &&«b“
7‘ @‘P\ o &
Large data gap & 0"2\ &@
A2 {(}p
N
e.

Figure 3.1-6. Upper Gresham Lake, state-wide deep headwater drainage lakes, and Northern
Lakes and Forests (NLF) chlorophyll-a concentrations. Mean values calculated with summer
month surface sample data. Water Quality Index values adapted from WDNR PUB WT-913.
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Water Clarity

Secchi disk transparency data are available from Upper Gresham Lake intermittently from 1984
to 1994, and annually from 1997 to 2017 (Figure 3.1-7). Average summer Secchi disk depths
ranged from 6.8 feet in 2010 to 12.4 feet in 1992. The weighted summer average Secchi disk
depth is 10 feet and falls into the excellent category for Wisconsin’s deep headwater drainage
lakes. The lake’s weighted summer average Secchi disk depth is slightly worse than the median
value for deep headwater drainage lakes in the state and exceeds the median value for lakes
within the NLF ecoregion.
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Figure 3.1-7. Upper Gresham Lake, state-wide deep headwater drainage lakes, and Northern
Lakes and Forests (NLF) Secchi disk clarity values. Mean values calculated with summer month
surface sample data. Water Quality Index values adapted from WDNR PUB WT-913.

A linear regression analysis on the data collected from 2000 through 2017 indicated that the
summer phosphorus concentrations are increasing and Secchi disk depths show a statistically
significant decreasing trend. There was not a statistically significant trend with chlorophyll-a
data. Although two of the three trophic parameters indicate conditions may be getting worse
over the last 18 years, the change is not great. The sediment core study also indicated a decline
in the trophic status of the lake over a much longer time period.
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Figure 3.1-8. Upper Gresham Lake linear regressions for average summer total phosphorus(left)
and chlorophyll-a(right) from 2000-2017. Solid line indicates regression line, dashed lines indicated
upper and lower confidence limits (95%).

Many lakes in the northern region of 100

Wisconsin contain higher concentrations of | 90 | Highly Tea-Colored
natural dissolved organic acids that originate § 80 |

from decomposing plant material within | 20 |

wetlands in the lake’s watershed. In higher § 1

concentrations, these dissolved organic | £ 60 1 Tea-Colored
compounds give the water a tea-like color or | 50 -

staining and decrease water clarity. A | g5 40 -

measure of water clarity once all the 8 30 1 Lightly Tea-Colored
suspended material (i.e. phytoplankton and | ¢ 20

sediments) have been removed, is termed | = 19 ::-: Slightly Tea-Colored
true color, and measures how the clarity of 0 - Clear

the water is influenced by dissolved Figure 3.1-9. Upper Gresham Lake true color
components. True color values measured | yalye.

from Upper Gresham Lake in 2017 averaged
15 SU (standard units) indicating the lake’s water is slightly colored and that the lake’s water
clarity is not influenced by dissolved components in the water (Figure 3.1-9).

Limiting Plant Nutrient of Upper Gresham Lake

Using historic mid-summer nitrogen and phosphorus concentrations from Upper Gresham Lake,
a nitrogen:phosphorus ratio of 20:1 was calculated. In 2017, this ratio was closer to 11:1. This
finding indicates that Upper Gresham Lake is phosphorus limited as are the vast majority of
Wisconsin lakes; however, with large phosphorus inputs the lake could transition to being
nitrogen limited. In general, this means that cutting both phosphorus and nitrogen inputs may
limit plant growth within the lake.

Upper Gresham Lake Trophic State

Figure 3.1-9 contains the weighted average Trophic State Index (TSI) values for Upper Gresham
Lake. These TSI values are calculated using summer near-surface total phosphorus, chlorophyll-
a, and Secchi disk transparency data collected as part of this project with available historical
data. In general, the best values to use in assessing a lake’s trophic state are chlorophyll-a and
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total phosphorus, as water clarity can be influenced by other factors other than phytoplankton
such as dissolved compounds in the water. The closer the calculated TSI values for these three
parameters are to one another indicates a higher degree of correlation.

The TSI values for all three parameters place the lake in a mesotrophic state (Figure 3.1-10).
Upper Gresham Lake has similar levels of productivity as other deep headwater drainage lakes in
Wisconsin and is slightly less productive than the majority of lakes in the NLF ecoregion.
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Figure 3.1-10. Upper Gresham Lake, state-wide deep headwater drainage lakes, and Northern
Lakes and Forests (NLF) Trophic State Index values. Values calculated with summer month
surface sample data using WDNR PUB-WT-193.

Dissolved Oxygen and Temperature in Upper Gresham Lake

Dissolved oxygen and temperature were measured during water quality sampling visits to Upper
Gresham Lake by Onterra staff. Profiles depicting these data are displayed in Figure 3.1-11.
Upper Gresham Lake is dimictic, meaning the lake remains stratified during the summer (and
winter) and completely mixes, or turns over, once in spring and once in fall. During the summer,
the surface of the lake warms and becomes less dense than the cold layer below, and the lake
thermally stratifies. Given Upper Gresham Lake’s deeper nature, wind and water movement are
not sufficient during the summer to mix these layers together, only the warmer upper layer will
mix. As a result, the bottom layer of water no longer receives atmospheric diffusion of oxygen
and decomposition of organic matter within this layer depletes available oxygen.
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